The extended language network: Language-selective brain areas |||"' )20
whose contributions to language remain to be discovered MCGOVERN M5

contact: awolna@mit.edu

Agata Wolna, Aaron Wright, Benjamin Lipkin, & Evelina Fedorenko
METHODS: design

Neuroimaging evidence converges in showing that language processing %2 722 participants, muItipIe fMRI experiments @ r TN ConEEnEE e SpaE (G50 approach] 7 %

engages a left fronto-temporal network in the brain and the right
homotopic areas [1, 2]

METHODS: analytical approach

INTRODUCTION

Aaron Wright

n=706: reading language task Creating the language parcels

o
sentences + TODAY || WHOLE || BEANS ARE || FRESHLY ||GROUND|| EVERY DAY AND || BAKED || INTO || BREAD b

However, other cortical, sub-cortical, and cerebellar brain areas = Response - B 2 Xy , - . 2
have been Identlﬁed in StUdieS on |anguage prOCGSSing [3_5] — nonwords + HUS || WROLL || BLONS || EAFS |/DOLDED|| INSAWS || REE || USIVE || OBUL | OY HUS || FOPE % ‘/éﬁ &/!;g\ /gg- _) ol 7 P o I —) /(“%;
;&#4 S - 3 : < Q :

100ms 450ms 450ms 450ms 450ms 450ms 450ms 450ms 450ms 450ms 450ms 450ms 450ms  400ms

- 2 e 1st-year post-bacc in the BCS
f@; ,_ B4 1l | Research Scholars Program and an
| W RA in EvLab. Interested in language
1 ™ : - and bilingualism

P |Language is studied using diverse tasks and paradigms . .
guag J paradia n=86: auditory language task
— Some Of them mlght not ef—fective|y isolate |anguage individual participants’ binarized individual subjects group level group level
intactspeech | + | When the Rabbit actually took a watch out of its waistcoat-pocket, and looked at it language localizer contrast maps language localizer contrast maps (n=706) probabilistic activation map language parcels
’) ' (thresholded at top 20%)

from task-related processes [6] '
- . . . . . degraded speech | + A t W I
The language localizer task is an extensively validated paradigm which - Creating the language parcels gata vvoina ?

allows for the identification of the language network in individual brains, n=422: spatial Working memory task
) Post-doc in EvLab. Interested in

using a broad and robust contrast [/] m _
easy visual WM + n H ::H: ::u: !EHEI !EH vX + /ém 1 \ "/ ‘ \ % . . .
gﬂ 7 B —> ¢ ,J"' ST signal change brain organization of language

sentences

intact speech

hard easy

menwords

Research question O
hard vi WM + m:: H | 1] ﬂ E Vx . “ d ded speech YWM VWM
. . ard visua ] ] : : :
Are there any brain regions, beyond the fronto-temporal network, EH ) .y _ . o _ and its relationship to speech
500ms 1000ms  1000ms  1000ms  1000ms 3000ms (max) 250ms  3750ms - RT individual subject group level grou_p-contral_nf:d individual subject
localizer contrast map language parcels I:c:ﬁz:::(-;":rea‘s:’:fr!nc;p language parcels @ ’) = pe rce ptIO N an d a rtl cu |atIO N

that reliably and selectively respond to language?

Standard = TNl SUMMARY

RESULTS: GSS language parcels
Desikan-Killiany-Tourville Harvard-Oxford Cortical | [ HCP-MMP1 (Glasser)
(A) Core fronto-temporal parcels (B) Extended parcels at I aSes ‘ 4 .
: — _ -~ — ( Language (reading) : Sentences > Nonw . The funCtlona”y'deﬁned GSS |anguage Pa rcels and
left hemisphere » L pei medial oot ocoipital occipital ical atl id . |
g v K T4 Contrast effect size anatomical at ases provide converging resu ts:
) | 52 language selectively engages:
e _C) / s B e 2 .~ core lateral fronto-temporal regions
; i feriorrigor::tcipital . .
s TR @ We also find language-selective responses in:
: left medial frontal, ventral temporal, and
i o ( ® Language (auditory) : Intact > Degraded - .
N °) cerebellar regions
i |  cerebellar as well as subcortically in:
g;l g: gz § 4 posterior W1/ Crus | N lateraIVI/CrUS\I/ g bilateral amygdalae and hippocampi
’ : | * B) There are additional language regions that respond
right hemisphere Legend: i v/ to language, although not selectively!
. B Sentences | 2> left thalamus, right cerebellum
_%3 |.u0 Luo -_-=._=,I | [ /1
posterig??;mporal ;%12 ioht |:| Nonwords l left IpiLlj««i . o
4 5 B nact L. These regions may also be important to understand
g0 peech 25| o gV _——— : :
1 Degraded speech o S . ——— language in the brain!
’ B Hard visual WM R — . . . . .
[] Easy visual WM sarahipposampal gyrus crae e e mlxe.d. — |nteg ratlng. |nf0rmat|0n
o m“ W vVl Harvard-Oxford Subcortical atlas ° Se|9Ct|V|ty across cortical networks
. N3 N3 F lj | Ij i J
: vV’ language-selective “ 5 22 B i Amygdala Thalamus
right ‘ v language-responsive E; _ E; __-:_i 0 -:,-:,_:i . . . . L
| s / 4 - — — — . § \ g @ Although widely distributed, at the individual level
= P " 20 language-selective parcels E3>0 & >0 & EI>(y & P > : : ) 5 : the language system takes up <1.5% of the brain
—) Kl Y language-responsive parcels EJ>0 & [ >0 ! .. which equals the size of a large &

References: [1] Lipkin, B., Tuckute, G., Affourtit, J., Small, H., Mineroff, Z,, Kean, H., ... & Fedorenko, E. (2022). LanA (Language Atlas): A probabilistic atlas for the language network based on fMRI data from> 800 individuals. BioRxiv, 2022-03. [2] Price, C. J. (2010). The anatomy of language: a review of 100 fMRI studies published in 2009. Annals of the new York Academy of Sciences, 1191(1), 62-88. [3] Turker, S., Kuhnke, P, Eickhoff, S. B., Caspers, S., & Hartwigsen, G. (2023). Cortical, subcortical, and cerebellar contributions to language processing: A meta-analytic review of 403 neuroimaging experiments. Psychological Bulletin. [4] LeBel, A., & D’Mello, A. M. (2023). A seat at the (language) table:
incorporating the cerebellum into frameworks for language processing. Current Opinion in Behavioral Sciences, 53, 101310. [5] Booth, J. R, Wood, L., Lu, D., Houk, J. C., & Bitan, T. (2007). The role of the basal ganglia and cerebellum in language processing. Brain research, 1133, 136-144. [6] Fedorenko, E., lvanova, A. A., & Regev, T. I. (2024). The language network as a natural kind within the broader landscape of the human brain. Nature Reviews Neuroscience, 1-24. [7] Fedorenko, E., Hsieh, P. J., Nieto-Castaiidn, A., Whitfield-Gabirieli, S., & Kanwisher, N. (2010). New method for fMRI investigations of language: defining ROIs functionally in individual subjects. Journal of neurophysiology, 104(2),

1177-1194.[8] Desikan, R. S., Ségonne, F,, Fischl, B., Quinn, B. T, Dickerson, B. C., Blacker, D., ... & Killiany, R. J. (2006). An automated labeling system for subdividing the human cerebral cortex on MRI scans into gyral based regions of interest. Neuroimage, 31(3), 968-980. [9] Klein, A., & Tourville, J. (2012). 101 labeled brain images and a consistent human cortical labeling protocol. Frontiers in neuroscience, 6, 171. [10] Glasser, M. F,, Coalson, T. S., Robinson, E. C., Hacker, C. D., Harwell, J., Yacoub, E,, ... & Van Essen, D. C. (2016). A multi-modal parcellation of human cerebral cortex. Nature, 536(7615), 171-178.



The extended language network: Language-selective brain areas Ue R
whose contributions to language remain to be discovered MCGOVERN =

contact: awolna@mit.edu Now preprinted!

Agata Wolna, Aaron Wright, Benjamin Lipkin, & Evelina Fedorenko
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RESULTS: GSS language parcels

(A) Core fronto-temporal parcels

(A) Subcortical structures that contain language-selective or language-responsive fROls

Contrast Effect Size

left hemisphere o right hemisphere -
E— Amyqdala halamue
o wWi o wWi 2.5 2.0 1.5 1.0 0.5 0.0 v v v
N | N |
oft ;51'29 f I:Ilj i posteriolre{:emporal postericrj?th;mporal E’ f i right - p GN’ 04 GN) 04
N ; _ il 3 v.7a . 0 | 4 el Desikan-Killiany-Tourville | | Harvard-Oxford Cortical HCP-MMP1 (Glasser) % % 0o lj 2 0o .j

W / o o W ‘ L o0 I Ij
8 5 5 2 2 3 B
] | 1 I:Ij R \ 25 | [ Language (reading) : Sentences > Nonwords } 00 B - = " o0 -
% ! l:llj I 0 i___-—j 0 % ! i Left Amygdala Right Amygdala

 — _— ‘ | Left Right Left Right

Hippocampus
' PP PY Legend:
’ 04 w wW Il Sentences Bl Intact speech
IFGIg];tbita| / V\ anterio:etf;mporal anterior:gtztmporal g 0.2 D Nonwords I:' Degraded SpeeCh

S:i \/\/i - \/\/i o5 I]\/\/ / 2;r \7i i 00 .:'j.ﬂ -:.jF B Hardvisual WM v/ language-selective

g 2 I I g 2 I:| I g 2 I g 2 I I . |:| Eas i - i

8. 8" 8" 8 y visual WM v language-responsive

N B S 0 UEEE Y NN Sy

S = SN I— Left Right
[ P> Language (auditory) : Intact > Degraded speech ] (B) Subcortical structures that do not contain language-selective or language-responsive fROls

(B) Extended parcels
left medial . right . e
superior precuneus SFG medlal occlz?pf)tital occipital OCC|p|ta| Putamen Pallidum
‘| % . Vv 4 :
80 | §° | 33 89 g
22 | g 2 I 22 5 2 o 04 o v
g1 | R | g £ N N
Oi::-ziii / O!:I.j-ﬂ \ o "o %o.e %oz lj
i right Eﬁ 0.0 l:l.i—,l:l -:,-_‘_—,.:l m 0.0 .j-_‘_—, -__'_I-illj
medial . nght )
anterior SFG inferior occipital
4 al ] : .
/ Wi g3 | Left Right Left Right
o 2 o ) | |
© o < | |
i £ 1 i-: l]i Caudate Accumbens
0 == |
\ [ Spatial w 5 o
8 o
. N N
4 “ V0 B ol e B g B
g2 ) ks \ ks
52 ‘g2 L 0.0 .:,ii—, .:,+_|_ L 0.0 —i.+_|_ﬂil —g=*:':|-1—|
: £, . :
’ 2, 2 Left Right Left Right
8 1
i ; .

Challanging previous claims, we find no responsiveness to langauge
(amodal response to both reading and auditory language processing)
in basal ganglia and occipital cortex
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Coarse, anatomy-based parcellations are not well-suited to study language:
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